Adolescence is a developmental period that is associated with physical, cognitive, and affective 36 maturation and a time when sex biases in multiple psychiatric diseases emerge. While puberty onset 37 marks the initiation of adolescence, it is unclear whether the pubertal rise in gonadal hormones generates 38 sex differences in approach-avoidance behaviors that may impact psychiatric vulnerability. To examine 39 the influence of peripubertal gonadal hormone exposure on adult behavior, we removed the gonads or 40 performed sham surgery in male and female mice just prior to puberty onset and assessed performance 41 in an odor-guided foraging task and anxiety-related behaviors in adulthood. We observed no significant 42 sex differences in foraging or anxiety-related behaviors between intact adult male and female mice but 43 found significant differences between adult male and female mice that had been gonadectomized (GDX) 44 prior to puberty. GDX males failed to acquire the odor-guided foraging task, showed reduced locomotion, 45 and exhibited increased anxiety-like behavior, while GDX females showed the opposite pattern of 46 behavior. These data suggest that similar approach-avoidance phenotypes are achieved in male and 47 female mice via different mechanisms mediated by the sex-specific hormonal milieus during pubertal 48 maturation. 49 50 51 52 53 54 55 56 57 58 59 60 61 Introduction: 62
progesterone. In animal models, gonadal hormones can be manipulated via surgical removal of the 89 gonads, or gonadectomy. By performing gonadectomy prior to the onset of puberty, we can causally test 90 the relationship between peripubertal gonadal hormone exposure and adult behaviors [29] [30] [31] [32] . 91
In the current study, we sought to determine whether gonadal hormones at puberty influence adult 92 performance in tasks that generate approach-avoidance conflict. To this end, we performed sham 93 surgeries or gonadectomies on male and female C57Bl/6 mice before the onset of puberty and trained 94 them as adults in an odor-guided foraging task followed by testing in the elevated plus maze (EPM) and 95 open field to assess locomotion and anxiety-related behavior. 96
To interpret our data we considered three possible outcomes: A) If the sex-specific hormonal 97 milieus at peripuberty generate differences in adult approach-avoidance behaviors, we would predict that 98 adult males and females that underwent puberty will exhibit greater behavioral differences as adults than 99 prepubertally gonadectomized mice that did not undergo puberty; B) Alternatively, it has also been shown 100 that the sex-specific hormonal milieu can act on sexually differentiated brain circuits to minimize 101 phenotypic differences between males and females [33] , suggesting that prepubertal gonadectomy may 102 result in sex differences that would otherwise be masked by peripubertal gonadal hormone exposure; C) 103
We also considered the possibility that gonadal hormones at puberty do not play a significant role in 104 either male or female development in our selected tasks, and in this case then outcomes should be 105 comparable between mice that underwent prepubertal gonadectomy and same sex sham controls. 106
To eliminate gonadal hormone exposure during and after puberty, gonadectomies were 116 performed before puberty onset at P25. Mice were injected with 0.05 mg/kg buprenorphine and 10 mg/kg 117 meloxicam subcutaneously before surgery and were anesthetized with 1-2% isoflurane during surgery. 118
The incision area was shaved and scrubbed with ethanol and betadine. Ophthalmic ointment was placed 119 over the eyes to prevent drying. A 1 cm incision was made with a scalpel in the lower abdomen across 120 the midline to access the abdominal cavity. The ovaries or testes were clamped off from the uterine horn 121 or spermatic cord, respectively, with locking forceps and ligated with sterile sutures. After ligation, the 122 gonads were excised with a scalpel. The muscle and skin layers were sutured, and wound clips were 123 placed over the incision for 7-10 days to allow the incision to heal. An additional injection of 10 mg/kg 124 meloxicam was given 12-24 h after surgery. Sham control surgeries were identical to gonadectomies 125 except that the gonads were simply visualized and were not clamped, ligated, or excised. Mice were 126 allowed to recover on a heating pad until ambulatory and were post-surgically monitored for 7-10 days 127 to check for normal weight gain and signs of discomfort/distress. Mice were co-housed with 1-2 siblings 128 who received the same surgical treatment. To confirm the success of prepubertal ovariectomies, 129 necropsy was performed on a subset of adult sham and ovariectomized mice to confirm that the uteri of 130 OVX mice were underdeveloped compared to age-matched sham females (data not shown). 131
(under wire mesh at bottom) but only one pot was rewarded (anise). The pots of scented shavings were 143 placed in each corner of an acrylic arena (12", 12", 9") divided into four quadrants. Mice were placed in 144 a cylinder in the center of the arena, and a trial started when the cylinder was lifted. Mice were then free 145 to explore the arena and indicate their choice by making a bi-manual dig in one of the four pots of wood 146 shavings. The cylinder was lowered as soon as a choice was made. If the choice was incorrect, the trial 147 was terminated and the mouse was gently encouraged back into the start cylinder. Trials in which no 148 choice was made within 3 minutes were considered omissions. If mice omitted for two consecutive trials, 149 they received a reminder: a baited pot of unscented wood shavings was placed in the center cylinder and 150 mice dug for the "free" reward. Mice were disqualified if they committed four pairs of omissions. The 151 location of the four odor scented pots was shuffled on each trial, and criterion was met when the mouse 152 completed 8 out of 10 consecutive trials correctly. 24 hours after completing discrimination, mice were 153 tested for recall of the initial odor discrimination to criterion and immediately after reaching criterion 154 proceeded to the reversal phase in which the previously rewarded odor (anise) was no longer rewarded, 155 and a previously unrewarded odor (clove) now became rewarded. During the reversal phase, Odor 4 156 (thyme) was replaced by a novel odor (eucalyptus) that was unrewarded. 157
Anxiety testing: 158
Mice underwent anxiety testing >1 week after completing the odor-guided reversal task and returned to 159 ad libitum feeding. All testing took place during the last 1-2 hours of the light phase (0800-1000 h) and 160 mice were allowed to habituate to the testing room in their home cages for 30 minutes prior to testing. 161
Mice were sequentially run in the elevated plus maze immediately followed by the open field test. 162
Elevated plus maze: 163
The mouse was placed in the center of an elevated plus maze and allowed to explore freely for 10 min. 164
The EPM was made out of opaque white acrylic consisting of 2 open arms (30 cm long by 6 cm wide), 2 165 closed arms (30 cm long by 6 cm wide, with 20.5 cm high walls on the sides and end of each arm), and 166 a center square (6 cm by 6 cm). The closed arms of the EPM were attached to a stable platform raised 167 66 cm from the floor. The total time spent in each zone (center, closed, open) was analyzed using 168 EthoVision software (Noldus; Sacramento, CA). The chamber was cleaned with 70% ethanol and allowed 169 to dry between tests of mice. The EPM was performed with room lights on (260 lx). 
Statistical analysis: 184
For comparisons between 2 groups, a t-test was used when data were normally distributed, and Welch's 185 correction was applied when variance was unequal. The D'Agostino & Pearson test was used to test for 186 normality. Groups that were not normally distributed were compared using a Mann Whitney U test. When 187 4 sex by surgery groups were considered simultaneously and data was normally distributed, a 2-way 188 ANOVA was performed with sex and surgery as factors. For experiments in which only 3 groups were 189 compared, a one-way ANOVA was performed. Post-hoc comparisons were then performed as described 190 above (i.e. using a t-test or Mann Whitney U test). For the analysis shown in Fig. 2 and Figs. S1-3, 191 planned comparisons were performed to address two a priori questions: 1) Do adult intact males and 192 females differ in behavior? 2) Does gonadectomy alter performance compared to intact mice of the same 193 sex? As these were separate a priori questions, multiple comparisons corrections were not applied to 194 these tests.
Results: 196

Prepubertal castration but not ovariectomy reduces likelihood of completing 4 choice odor-197 guided foraging task 198
We performed sham surgery or gonadectomy (GDX) on male and female mice at P25, generating four 199 behavioral groups: intact males, intact females, castrated (Cast) males, and ovariectomized (OVX) 200 females that were trained in an odor-guided foraging task (between P60-70) followed by open field and 201 elevated plus maze testing (between P80-90) (Figure 1A) . At the initiation of training, we compared body 202 weights across groups and found a main effect of sex [F(1,63)= 86.37, p<0.0001] but no main effect of 203 surgery [F(1,63)= 2.487, p= 0.1198] (Figure 1B) . To motivate performance in the odor-guided foraging 204 task, mice were food restricted to ~85% of their initial body weight and trained across four days, including 205 1) habituation, 2) shaping, 3) discrimination, and 4) recall and reversal task phases ( Figure 1C , see 206 methods for more detail). Over the course of training, we found that only (1/13) Cast males successfully 207 completed the reversal phase of the task, with (11/13) mice dropping out before or during the 208 discrimination phase (Figure 1D) . While there was no significant difference in the proportion of intact 209 males (13/18) vs. intact females (10/15) that completed the task (p > 0.99 Fisher's exact test), there was 210 a significant difference in the proportion of Cast males (1/13) vs. OVX females (14/15) that completed 211 the task (p<0.0001, Fisher's exact test) ( Figure 1D) . The proportion of Cast males that completed the 212 task was also significantly lower compared to intact males (p= 0.0007, Fisher's exact test), whereas OVX 213 and intact females did not significantly differ (p= 0.17, Fisher's exact test). Dropout among Cast males 214 was driven by 1) a failure to complete the shaping phase within the allotted 3 hours (3/13) or 2) 215 disqualification during the discrimination phase due to omission trials (4 pairs of omissions) (9/13) ( Figure  216   1D ). There was a significant interaction between sex and surgery on the number of omissions made 217 during discrimination [F(1, 56) = 9.33, p= 0.0034]. Cast males made significantly more omissions 218 compared to intact males (p= 0.0018, Tukey's multiple comparisons test) and OVX females (p<0.0001, 219
Tukey's multiple comparisons test) ( Figure 1E) . Meanwhile, intact males and females did not differ from 220 each other in the number of omissions made during discrimination testing (p= 0.36, Tukey's multiple 221 comparisons test) ( Figure 1E) . We next asked whether differences in body weight loss explained drop 222 out among Cast males, reasoning that diminished weight loss could contribute to lower task motivation. 223 However, we found no significant effect of surgery on percent initial body weight at discrimination phase 224 [F(1,53) = 0.065, p= 0.80] ( Figure 1F ) indicating that Cast males lost a similar percentage of their body 225 weight compared to other groups. Therefore, we were unable to further examine 4 choice odor-guided 226 foraging task behavior in Cast males, including reversal learning. 227 castration/ovariectomy at P25 before the onset of puberty. Mice were then trained in a 4 choice odor-230 guided foraging task in early adulthood (P60-P70) followed by anxiety testing from P80-P90. B. There 231 was a significant main effect of sex on initial weight before food restriction began [F(1, 63) = 86.37, 232 p<0.0001] but no significant effect of surgery (sham vs. gonadectomy) on initial weight [F(1, 63) = 2.487, 233 p = 0.1198]. C. Overview of 4 choice odor-guided foraging task. D. Completion rate of the four cohorts: 234 Intact Male, Intact Female, castrated (Cast) Male, and ovariectomized (OVX) Female across the four 235 days of behavioral training (aligned to panel C). There was a significant difference in the completion rate 236 at reversal phase between Cast males and OVX females (p<0.001, Fisher's exact test with Bonferroni 237 correction) but no significant difference in completion rates between intact males and females (p>0.99, 238
Fisher's exact test with Bonferroni correction). Cast males also significantly differed from intact males 239 (p<0.01, Fisher's exact test with Bonferroni correction). E. Dropout by Cast males was largely driven by 240 omission trials (no choice made within 3 min trial) during the discrimination phase. F. Weight loss at 241 discrimination phase. Neither gonadectomized group (Cast or OVX) significantly differed from intact 242 groups, suggesting that differences in weight loss did not account for drop out by Cast males. All data 243 presented as mean ± SEM. 244 245
Prepubertal ovariectomy reduces bias for perseverative errors during reversal compared to intact 246 females 247
We next examined performance in the odor-guided foraging task across intact males, intact females, and 248 OVX females. During the discrimination phase (Figure 2A) , there was no significant difference among 249 groups in trials to criterion (p= 0.85, Kruskal Wallis ANOVA) ( Figure 2B ) or total errors (p = 0.85, Kruskal 250
Wallis ANOVA) ( Figure 2C) . The following day mice were tested for their recall of discrimination learning, 251 and groups did not differ in performance (Figure S1) . During a reversal phase that immediately followed 252 the completion of the recall phase (Figure 2D) , there was no significant difference in trials to criterion (p= 253 0.52, Kruskal Wallis ANOVA) (Figure 2E ) or total errors (p= 0.28, Kruskal Wallis ANOVA) ( Figure 2F ) 254 across groups. Next, we more closely examined the types of errors that mice made during reversal. All 255 groups showed a strong bias for selecting the odor that was previously rewarded in the discrimination 256 phase (Figure S1 ). We divided errors to the previously rewarded odor into 2 subtypes: perseverative 257 (errors made before the first correct trial) and regressive (errors made after first correct trial) errors. 258
Perseverative errors reflect a tendency to stick to a previously learned rule, while regressive errors reflect 259 a failure to acquire or maintain the new rule. We found that groups did not significantly differ in the number 260 of perseverative errors made (p= 0.60, Kruskal Wallis ANOVA), but OVX females made significantly more 261 regressive errors than intact females (U= 36, p= 0.0459 uncorrected) ( Figure S1 ). We next examined 262 the pattern of perseverative and regressive errors made by individual mice. While we did not find a 263 difference in the pattern of reversal errors between intact males and females (U= 71.5, p= 0.3778), we 264 found that intact females exhibited a significantly higher bias for perseverative vs. regressive errors 265 compared to OVX females (intact females vs. OVX females: U= 47.5, uncorrected p= 0.0375) ( Figure  266 2G). In addition, we observed that intact females accumulated rewards at a significantly higher rate after 267 the first rewarded trial in reversal compared to OVX females ( Figure 2H) . 
Prepubertal gonadectomy has opposing effects on anxiety-related behavior in approach-281 avoidance conflict tests in adult males and females 282
To determine whether prepubertal gonadectomy affects 'anxiety-like' behavior in tasks that rely on 283 approach-avoidance conflict, we tested mice from P80-90 in the elevated plus maze (EPM) and open 284 field [37]. In the elevated plus maze (Figure 3A) , there was a significant interaction between sex and 285 surgery on locomotion [F(1,53) = 14.84, p= 0.0003], such that differences in total distance travelled 286 emerged between Cast males and OVX females (p<0.0001, Tukey's multiple comparisons test) that were 287 not present between intact males and females. Cast males traveled significantly less distance compared 288 to OVX females (Figure 3B, Figure S2 ). In addition, there was a significant interaction between sex and 289 (Figure 3E) . Similar to the EPM results, there was a significant interaction between 294 sex and surgery on locomotion, and again, OVX females traveled greater distance compared to Cast 295 males (Figure 3F, Figure S2 ). There was a significant interaction between sex and surgery on time spent (Figure S2) . Finally, studies suggest that unsupported vertical movement, or rearing, is an exploratory movement that is sensitive to environmental context and stressors [36] . We 303 found that Cast males made fewer unsupported rears compared to intact males (U= 30, p= 0.0003) but 304 there was no significant difference between intact females and OVX females (Figure S3) . 
Some effects of prepubertal gonadectomy on anxiety-related behavior in approach-avoidance 319 conflict tests are modified by age 320
A previous study from our lab compared behavior in the EPM and open field test between intact 321 and prepubertally gonadectomized mice during a mid-adolescent time point (P40). Given that the mouse 322 strain, surgical manipulation, and anxiety-related testing procedure were consistent, we compared the 323 effect size of gonadectomy on anxiety measures at adolescent (P40-47) and adult (P80-90) time points 324 to determine whether effects are stable or change with age. In males, we found that the effect of 325 prepubertal castration on anxiety-like behavior was stable between P40 adolescent and P80 adult cohorts 326 (Figure 4A,B) but the negative effect of prepubertal castration on locomotion was more pronounced in 327 the P80 adult cohort, particularly in the open field (Cast P40 vs. Cast P80 U= 24, p= 0.0013) ( Figure  328 4C,D). For females, however, we found a significant difference in the effect of prepubertal ovariectomy 329 on time spent in closed arms of the EPM in adults compared to adolescent females, with OVX being 330 associated with less time spent in closed arms in the P80 adult cohort but not the younger P40 cohort 331 (intact P40 vs. OVX P40: t 42 = 0.3827, uncorrected p= 0.70; intact P80 vs. OVX P80: t 30 = 2.752, p= 0.01) 332 ( Figure 4E) . Thus, the anxiolytic effect of OVX on female EPM behavior emerged only with age (P40 333 OVX vs. P80 OVX: t 27 = 3.106, p= 0.0055). Meanwhile, OVX and intact female mice did not differ in open 334 field behavior at either age (Figure 4F) . Finally, a similar pattern was found for locomotion in the EPM 335 task, where a significant increase in distance traveled by OVX compared to intact females was observed 336 at P80 but not P40 (intact P40 vs. OVX P40: t 42 = 1.334, uncorrected p= 0.1895; intact P80 vs. OVX P80: 337 t 30 = 2.796, p= 0.0089), and the OVX effect differed significantly between P40 and P80 (t 18.02 = 2.43, p= 338 0.0257) (Figure 4G) . We did not observe a significant difference between OVX and intact female for 339
distance traveled in open field behavior at either age (Figure 4H) . 
Anxiety-like behavior in open field is associated with foraging task drop out in males but not 356 females 357
Finally, we sought to examine whether differences in learning and performance in the odor-guided 358 foraging task showed a relationship with EPM and open field behavior, because all three tasks to some 359 extent task the tradeoff between approach and avoidance behavior. We noted that there was a clear 360 parallel between the opposing effect of prepubertal gonadectomy in males vs. females on the likelihood 361 of completing the odor-guided foraging task and measures of anxiety-like behavior: Cast males exhibited 362 the highest measures of anxiety-like behavior and completed the foraging task at the lowest rate, while 363 OVX females exhibited the lowest anxiety-like behavior (in EPM) and completed the foraging task at the 364 highest rate. We first compared anxiety-related measures between mice that completed the odor-guided 365 foraging task ("completers") and those that dropped out due to omissions ("drop-outs"). In males, we 366 found that the time spent in the outer zone of the open field was significantly higher in "drop-outs" 367 compared to "completers" (p= 0.0003, Sidak's multiple comparisons test) (Figure 5A) . This effect was 368 not purely driven by Cast males, as it was present when intact males were examined separately ( Figure  369 S4). One potential confound is that mice who complete the odor-guided foraging tasks experience more 370 handling and spend more time in the foraging task arena, which shares some characteristics with the 371 open field. This may also explain why we did not also find a difference in time spent in the closed arms 372 of the EPM between male drop-outs and completers. 373
In females, we found no significant difference in anxiety-related measures between drop-outs and 374 completers, and time spent in the closed arms of the EPM did not differ between intact male or female 375 mice that dropped-out or completed the task (Figure 5B) . There are two important caveats to this finding: 376 1) our statistical power to detect differences between drop-outs and completers in the female group was 377 reduced compared to males because fewer females overall (intact + OVX) were disqualified and 2) we 378 did not control for phase of the estrous cycle when females were tested in the foraging task vs. anxiety-379 related tests. Previous data have shown that anxiety-related behavior fluctuates along the estrous cycle 380
[38], so intact females may not have been in the same state between testing conditions. 381
Finally, we tested whether variation in anxiety-related behavior showed a relationship with 382 flexibility in behavioral updating following rule reversal [39, 40] . We examined the relationship between 383 measures of anxiety-related behavior collected in the EPM and open field and perseverative errors made 384 during the reversal task. We found no significant correlation between these variables in either males or 385 females (Figure 5C,D) . hormones at puberty could drive the emergence of sex differences in cognitive and affective domains. 402
Alternate models suggest the rise in peripubertal gonadal hormones could also prevent behavioral 403 differences from arising between males and females [33] . Also, we must consider that many aspects of 404 development may occur at the same time as puberty but be independent of pubertal hormone changes 405 [47, 48] . 406
In the current study, we used gonadectomy to test the role of peripubertal gonadal hormones in 407 one cognitive and two anxiety-related tasks that generate approach-avoidance conflict. We were 408 particularly interested in these approach-avoidance related tasks because adolescence is a period during 409 which enhanced approach is likely adaptive for gaining independence, and previous studies have shown 410 that exploration of novel environments increases across adolescence in male and female mice [49] [50] [51] . 411
It has been hypothesized that pubertal gonadal hormones may alter brain function to promote dispersal 412 from the natal environment and to facilitate behaviors such as foraging that require exploration [8, 30] , but 413 see [52] . We previously showed that prepubertal gonadectomy increased anxiety-like behavior in males 414 (but not females) during adolescence [29] . Our current data provide further support for the role of 415 peripubertal testicular hormones in tuning approach-avoidance behavior: Cast males exhibited a lack of 416 engagement in the foraging task and displayed reduced exploratory locomotion and increased anxiety-417 like behavior in the open field, all consistent with reduced approach behavior and/or greater avoidance. 418
In boys (14-17 years old), lower testosterone levels were associated with increased anxiety and depressive symptoms [53] . It is interesting to note that juvenile males, who secrete testicular hormones 420 at much lower levels than adults, readily acquire the odor-based foraging task and exhibit more efficient 421 reversal learning when compared to adult males [9] . Therefore, the behavioral requirement for testicular 422 hormones may change in an age-dependent manner. 423
In adulthood, we observed no major differences in locomotion or anxiety-related behavior 424 between gonadally intact adult males and females, consistent with previous data from our lab (Boivin et 425 al. 2017 ) and others [54] . Notably, we did find highly significant differences in both locomotion and 426 anxiety-like behavior when we compared prepubertally gonadectomized males (Cast) and females (OVX) 427 ( Figure 3) . These data are consistent with less well-known models of hormonal action in which gonadal 428 hormones act via different pathways in each sex to ultimately produce more similar behavioral 429 phenotypes (De Vries 2004) . It is useful to point out that tests of anxiety-related behavior may not capture 430 the same underlying processes in males and females; for example, it has been reported that the behavior 431 of female rats in the EPM is driven more by locomotion than anxiety, whereas in males the reverse is 432 true [55] . We therefore interpret that the divergent phenotypes we observed in Cast males and OVX 433 females could be driven by different mechanisms that shift behavior along an approach-avoidance 434 continuum [56] . Future studies should be designed to address what underlying processes drive the 435 different behavioral phenotypes we observed. 436
Given the link between puberty onset and the emergence of female bias for anxiety-related 437 disorders, we were particularly interested to examine the role of gonadal hormone exposure on approach-438 avoidance behaviors in females. We observed that as adults, females ovariectomized before puberty 439 onset exhibited more exploratory behavior in the EPM (less time spent in closed arms) compared to intact 440 females. This OVX versus sham difference was significant in adult mice (P80) but was not present when 441 we sampled at a P40 adolescent time point, suggesting it emerged over time. In addition, our group 442 previously showed that prepubertal ovarian hormone exposure (that advanced puberty onset) did not 443 acutely increase anxiety-like behavior in juvenile female mice [29] . Taken together, these data suggest 444 that peripubertal ovarian hormone exposure does not have acute anxiogenic effects but that it may have 445 organizational or activational effects that tune approach-avoidance balance over a longer period of time. 446
These data suggest ovarian hormones may play a role in anxiety-related behavior in females, but does 447 not rule out the potential importance of modifiable factors such as environment and socialization (Graber 448 2013) . The delayed emergence of the prepubertal ovariectomy effect on anxiety in females is in contrast 449 to the timing of the prepubertal castration effect on anxiety-like behavior, which was present at the 450 adolescent time point. This difference suggests that males and females exhibit different trajectories for 451 the maturation of anxiety-related behaviors, and is consistent with testicular hormones having an 452 activational effect on approach-avoidance behaviors [57] . 453
Previous studies indicate that in some cases male and female rodents utilize different decision 454 making strategies [58] , which may reflect ethologically relevant differences in how they use information 455 in their environment [59] . Such reported sex differences in rodents include reduced risk preference in 456 females compared to males [60-62], greater impulsivity in females under mild food restriction [63], and 457 slower acquisition by female rats of a visual discrimination task [64]. While we did not find significant 458 differences in performance between intact males and females in the odor-guided foraging task, we found 459 that intact females exhibited a stronger bias for perseverative vs. regressive errors compared to OVX 460 females, suggesting that peripubertal ovarian hormone exposure altered foraging strategy. This bias for 461 perseverative errors reflects a difference in the strategy employed during reversal: intact females 462 persisted in the old rule (Odor 1= rewarded) longer, but once they chose Odor 2 and were rewarded, they 463 acquired the new rule faster and accumulated rewards at a higher rate compared to OVX females. This 464 pattern of behavior by intact females may reflect reproductive pressure to exploit known available food 465 sources, whereas OVX females exhibited more exploratory foraging strategy. 466
Our lab has previously shown that advancing puberty in juvenile female mice alters reversal 467 performance in the same odor-guided foraging task [30] . Pubertal advancement increased the trials to 468 criterion during reversal compared to age-matched prepubertal mice [30], consistent with juveniles 469 exhibiting faster reversal/greater flexibility compared to adults [5] . While the prepubertal OVX 470 manipulation significantly altered reversal strategy in adult females, we did not observe any associated 471 improvement in performance (i.e. a reduction in trials to criterion) suggesting that prepubertal OVX did 472 not extend "juvenile-like" performance to P60 females. We previously showed that performance in the reversal task of the odor-guided foraging task is dependent on the dorsomedial prefrontal cortex (dmPFC) 474 of mice [5] and that prepubertal ovariectomy has long-lasting effects on inhibitory transmission in the 475 dmPFC [30] . Future experiments will explore mechanisms by which peripubertal gonadal hormone 476 exposure influences approach-avoidance behavior and its relationship to decision-making [65], with late-477 developing circuits of particular interest [66] . 478
Our current study has several limitations. First, we did not track the hormonal status of intact 479 females. In part this was due to the foraging task design -because it occurs over 6 days and sessions 480 are not repeated, we were unable to sample individual mice across the different phases of the estrous 481 cycle. The fact that we were able to detect significant differences in behavior compared to OVX females 482 in locomotion, anxiety-related behavior, and foraging strategy, suggests that these effects are robust to 483 variance in ovarian hormone levels present in intact females. Next, our study design does not enable us 484 to distinguish between activational and organizational effects of testicular and ovarian hormones. Future 485 studies could control timing of gonadectomy and use hormone replacement to determine whether 486 peripuberty is a sensitive period for the organization of anxiety-related behavior and foraging strategy. 487
Regionally specific hormone replacement [67] and cell-type specific manipulation of steroid hormone 488 receptor expression [68] could elucidate the neural mechanisms underpinning the effects of pubertal 489 gonadal hormones on the behaviors examined here. 490
In rodent models, it is well known that species and strain differences, as well as environmental 491 stressors during rearing such as shipping [69], can affect behavioral outcomes. Our current results 492 conflict with reports in rats, where prepubertal castration reduced anxiety-like responses in adulthood 493 [70,71] and increased ambulation [72]. More generally, sex differences in anxiety-related behavior and 494 locomotion appear more consistently in rats, with female rats ambulating more and spending more time 495 in anxiogenic zones compared to males [73] . However, in line with our findings, Kim and Spear observed 496 sex-specific effects of prepubertal gonadectomy on social anxiety in rats: males displayed anxiety-like 497 decreases in social preference whereas females displayed anxiolytic-like increases in social preference 498
[74]. In mice, other studies have found evidence for reduced anxiety-like behavior in intact males 499 compared to intact females [75, 76] , and one study did not find an effect of prepubertal castration on 500 anxiety-like behavior in the open field [77] . Therefore, the effects of species, strain, and rearing conditions 501 should be taken into account when interpreting sex and gonadal hormone dependent differences in 502 approach-avoidance behavior. 503
504
Conclusion 505
The current study sought to determine whether gonadal hormones at puberty influence approach-506 avoidance behavior in a sex-specific manner. We found that prepubertal gonadectomy in mice revealed 507 significant differences in approach-avoidance behaviors that were not present between intact male and 508 female mice suggesting that similar approach-avoidance phenotypes are achieved in male and female 509 mice via different mechanisms mediated by gonadal hormones from puberty into adulthood. 510 511
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